
Background Material: Area Source Methodologies Page 1 of2 

@ Area Source Methodologies 
Page updated December 20. 1999 

Area source methods are used to estimate emissions for 
approximately 
260 emission source categories in the emission inventory. The 
ARB staff is responsible for 130 area source categories and air 
quality management districts 
are responsible for the remaining categories. The methodologies 
and responsible agencies are provided below. 

Index of Methodologies by Maior Category 
List of Area Source Categories & Responsible Agency (.pdf) 
Off-road Mobile Source Emissions Model Development 

The 260 area source emission categories, which include both stationary and other 
mobile sources, are divided into four types of emission sources. Aggregated point 
sources are many small point sources, or facilities, that are not inventoried 
individually but are estimated as a group and reported as a single source 
category. Examples include gas stations and dry cleaners. Area-wide sources 
include source categories associated with human activity and emissions take 
place over a wide geographic area. Consumer products and agricultural 
operations are examples of area-wide sources. Non-anfhmropogenic sources 
generally include source categories with naturally occurring emissions such as 
geogenic sources and wildfires. Other mobile sources include categories such as 
farm equipment and off-road recreational vehicles. Collectively, these types of 
sources are referred to as area source categories. 

The ARB staff is responsible for 130 area source categories. The air pollution 
control and air quality management districts are responsible for the remaining 
categories. The Index of Methodoloaies by Major Caterrory includes summaries 
of the methodologies with links to the complete methodologies, which are 
provided in Acrobat format. A detailed list of the methodologies and the CES 
numbers are provided in the List of AreaSource Categories and the Responsible 
Agency 
in Acrobat format. The district methods may be provided in only a summary 
format. To calculate the emissions from other mobile sources, ARB staff is 
developing an @-road mobile source emission model, OFFROAD. 
Methodologies for these categories are not included here. 

This web site is a living document, which means individual sections will be 
updated periodically as individual categories are updated or new categories are 
created. The methodologies are current as of July 1, 1998. If you have questions 
or suggestions concerning these methods please e-mail eibweb@arb.ca.aov or 
call 
(916) 322-6271. 
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Index of Methodologies by Major Category 
Updated December 20, 1999 

Major Categories 

1. Fuel Combustion 
2. Waste Disposal 
3. Cleaninn Coatings 
4. petroleum Production 
5. Industrial ProcesE 
6. Solvent Evaporation 
7. Misc. Processes 

Dust, combustion, 
and other sources 

8. Other Mobile Sources 
9. Natural Sources 
App A. Agricultural Act. 

This location includes the most recent version of the area 
source methods manual. The area source methodologies are 
organized by the major categories listed to the left. Within each 
major category is a description of the available area source 
methodologies and the responsible agency. The current status 
of each methodology is also listed with the date of preparation. 
The changes highlighted in bold print are changes that have 
not been previously published. 

Summaries of the area source methodologies and the 
complete text are available, including some district 
methodologies. 

Please send questions or comments to: 
eibweb@arb.ca.gov 

Top of paQe 1 Methodologies Index Pane 

A deparfment of the California Environmental Profedion Agency 
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I EMISSION INVENTORY SOURCE CATEGORY 
Miscellaneous Processes I Farming Operations 

EMISSION INVENTORY CODES (CES CODES) AND DESCRIPTION 
620-614-5400-0000 (47332) Agricultural Land Preparation 

SECTION 7.4 

AGRICULTURAL LAND PREPARATION 
(Updated August 1997) 

METHODS AND SOURCES 

The land preparation source category includes estimates of the airborne soil particulate 
emissions produced during the preparation of agricultural lands for planting and after harvest 
activities. Operations included in this methodology are discing, tilling, leveling, chiseling, 
plowing, and other mechanical operations used to prepare the soil. Dust emissions are 
produced by the mechanical disturbance of the soil by the implement used and the tractor 
pulling it. Soil preparation activities tend to be performed in the early spring and fall months. 
Table 1 shows the estimated soil preparation particulate emissions for each California county. 

OVERVIEW OF ESTIMATION METHODOLOGY 

Particulate emissions from land preparation operations are computed by multiplying an 
emission factor (EF) by an activity factor. The agricultural tilling emission factor provided in 
the 4th edition of US. EPA's AP-42 document' is used to estimate soil preparation emissions. 
The activity factor is based on the number of acres of each crop in production for each county 
in the State. Because different crops need different operations to prepare the soil, each crop 
also has its own acre-pass value. Acre-passes are the number of passes, per acre, that are 
typically needed to prepare a field for planting a particular crop. By combining the crop 
acreage, crop specific acre-pass data, and the agricultural tilling emission factor, we estimate the 
particulate matter produced by agricultural land preparation operations. 

EMISSIONS ESTIMATION METHODOLOGY 

Agricultural soil preparation particulate dust emissions are estimated for each crop in each county 
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in California using the following equation: 

Emissions,,, = Emission Factor x Acres,,, x Acre-passes/acre,,, 

The crop emissions for each county are summed to produce the county and statewide 
particulate matter (PM) and PM,, emission estimates. The remainder of this section discusses 
each component of the above equation. 

Emission Factor. The emission factor used to estimate the dust emissions from agricultural 
land preparations is from U.S. EPA’s AP-42.’ This emission factor was developed in 1981 
based on test data measured in California and Kansas by Midwest Research Institute. 
Because of a lack of more detailed estimates, this single emission factor is used for all land 
preparation operations, all locations, and all seasons. The form of the emission factor is: 

Emission Factor (lbs PM/acre-pass) = k (4.8) ( s ) ’ . ~  

where ‘k’ is dependent on the particle size fraction of interest, and 3’ is the percent soil silt 
content. For PM,, the value of ‘k’ used in California is 0.148. This is based on the EPA 
estimate that 33% of the total particulate entrained to the air during agricultural operations is 
30 microns or less. Of this, analysis of California soil samples3 indicates that about 45% of the 
30 micron or less sized particles are 10 microns or less in aerodynamic size (Le., PM,,). So, 
the California PM,, particle size multiplier is 0.148 (i.e., 0.33 x 0.45 = 0.148). For the 
percent soil silt value, the EPA default value of 18% soil silt is used for most counties. But, 
because of the large quantity of farming operations in San Joaquin Valley counties, the ARB 
staff analyzed soil data from the Natural Resources Conservation Service to produce county 
specific soil silt values for the San Joaquin Valley. 

The EPA emission factor does not include an association between soil moisture and emissions. 
Because it is known that dust emissions are reduced when soil moisture is higher, ARB staff has 
incorporated an emission correction during the wettest months of the year. The correction was 
based on some limited agricultural dust source test data, as well as the control factor used for 
watering at construction sites and our best judgement. During December and March, the 
emission factor is reduced by 25% from the standard uncorrected value. In January and 
February, often the wettest months, the emission factor is reduced by 50%. This produces a 
seasonal emissions profile that is more consistent with actual ambient air dust levels, and also 
better reflects that soil preparation operations typically do not occur while the soil is excessively 
wet or muddy. 

Acres. The acreages used for estimating soil preparation emissions are from the California 
Department of Food and Agriculture’s (CDFA) summary of crop acreage harvested in 1993.4 
The acreage data are subdivided by county and crop type for the entire state, and are compiled 
from individual county agricultural commissioner reports. Complete listings of individual 
county crop acreages are provided in the land preparation background do~ument .~  

7.4-2 



Acre-Passes & Crop Calendars. In computing land preparation PM emissions, acre-passes 
are the number of passes typically performed to prepare a crop for planting. These operations 
may occur following harvest, or closer to planting, and can include discing, tilling, land leveling, 
and other operations. Each crop is different in the type of soil operations performed and when 
they occur. To get the best estimates available, staff of the ARB met with producers of the 
various commodities to gather the most realistic and current information available on 
agricultural practices. Focusing on the largest acreage crops, we were able to gather updated 
information for about 90% of California’s crop acreage. For the crops that were not explicitly 
updated, we either applied an updated crop profile from a similar crop, or used one of the 
existing ARB profiles. Table 2 provides a listing of the crop acre-passes used in California. 

CES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

47332 2.3 4.2 5.9 1.7 4 .O 4 .O 5.6 6.3 4.3 12.8 

In collecting updated acre-pass data, we also collected detailed information on when 
agricultural operations occur. Using these data, it was possible to create detailed temporal 
profiles that help to indicate when PM emissions from land preparations may be highest. The 
more detailed background document5 includes detailed crop calendars for each crop with 
updated information. For all of the acre-pass and crop calendar information, the farmers and 
other agricultural experts of the San Joaquin Valley were instrumental in helping us to update 
our crop information. 

NOV DEC 

28.1 20.6 

TEMPORAL ACTIVITY AND GROWTH 

Temporal activity for land preparation is derived by summing, for each county, the operations 
that occur for each crop during each month. This is done using the crop calendar data 
described in the previous paragraph. Below is an example temporal profile for Fresno county. 
The table shows the percent of agricultural soil preparation activities that occur during each 
month in Fresno. Because the crops are different for each county, the profiles are different for 
each county. Table 3 lists the composite temporal data for each county. The activity profiles 
shown include the effects of the soil moisture correction, previously described in the section on 
the soil preparation emission factor. With these profiles, it is possible to easily compute 
monthly emissions estimates based on the annual total emissions provided in Table 1. Refer to 
Appendix A for details on how the monthly temporal profiles were developed. Growth in this 
category varies by county and is based on either agricultural production or crop acreage. For 
many counties, agricultural growth is set to zero. 

CES I Hours I Days I Weeks 

47332 I Daylight I 7 52 
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ASSUMPTIONS AND LIMITATIONS 

1. The current AP-42 emission factor assumes all soil preparation operations under all 
conditions produce the same level of emissions (assuming the percent silt is the same). 

2. AP-42 estimates that 33% of the dust entrained by agricultural operations is small enough 
(30 microns or less) to become entrained to the air. ARB estimates that 45% of this 30 
micron material is PM,, or less. 

3. A soil silt content of 18% is used in all counties not in the San Joaquin Valley. Counties in 
the San Joaquin Valley use county specific values. 

4. To account for increased soil moisture and reduced emissions during rainy months, 
baseline emissions in December and March were reduced by 25%, and January and 
February emissions were reduced by 50%. 

5. Crop calendar data collected for San Joaquin crops and practices were extrapolated to the 
same crops in the remainder of the State. Existing crop profiles were used for the small 
percentage of crops in which update information was not collected. 

CHANGES IN THE METHODOLOGY 

There were significant improvements to the soil preparation emissions estimates for this 
update. These include: 

Incorporation of new acre-pass and crop calendar data: 
Use of updated 1993 crop acreage data from the California Department of Food and 
Agriculture; 
Downward adjustments to the emission estimates in the wet months, when dust 
emissions (on a per acre basis) tend to be less than operations on drier soil; 
Use of geographic information systems soils data to update the average percent soil silt 
for each county in the San Joaquin Valley. This information was used in the updated 
emissions calculations: 
Update of the temporal data to better reflect when agricultural activities occur during 
the year. 

These changes produced an emissions reduction of about 53% from the previous 1993 
published emission inventory estimates for agricultural soil preparation. 

COMMENTS AND RECOMMENDATIONS 

Studies are ongoing by the University of California, Davis, to better quantify emissions from 
agricultural land preparation operations. They are attempting to quantify emissions from 
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different types of operations on different soil for different crops during different seasons. As the 
UCD results become available and are approved, they will be incorporated into the emission 
estimation methodology. In addition, if needed, future updates could include county specific 
soil silt estimates for counties not in the San Joaquin Valley that still use the 18% soil silt 
default. 

SAMPLE CALCULATIONS 
The instructions and table below summarizes the data computations necessary to estimate the 
land preparation emissions in Merced county. The following steps are performed: 

Step 1 : Crop Acreage. For each crop, determine the quantity of acres harvested. The acres 
harvested for a few of the crops in Merced county are shown in the ‘Acres’ column of 
the table. These data are available from the county agricultural commissioner annual 
reports or the CDFA. The 1993 acreage data are summarized in the agricultural tilling 
background d o ~ u m e n t . ~  

Step 2: Acre-passes per Acre. Using the data in Table 2, assign the annual acre-passes per acre 
used for soil preparation operations for each crop, as shown in the third column of the 
table. 

Step 3: Compute annual acre-passes. Acre passes is the number of acres multiplied by the 
acre-passes per acre. Acres x Acre-passedacre = Acre-Passes (column 2 x column 3). 

Step 4: Insert Emission Factor. Using the soil preparation emission factor equation, compute 
the county emission factor. For Merced county, with an average soil silt content of 
22.7%, the emission factor is 4.64 lbs PM,dacre-pass. The default ARB emission 
factor is 4.02 lbs PM,dacre-pass, based on a default soil silt of 18%. 

Step 5: Compute Emissions. Multiply the annual acre-passes for each crop by the emission 
factor and divide by 2000 lbs/ton to get the annual PM,, emissions. 
(Annual acre-passes x Emission Factor)/2000 = Emissions 

Step 6:  Compute Totals. After the dust emissions for each crop in the county are computed, 
sum them to compute the total county agricultural soil preparation particulate matter 
emissions. 
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Estimating Agricultural Land Preparation 
PM,, Emissions in Merced County 

Annual Acre 
Passes 

11850 
180000 
475200 
16630 
52010 

Crop 
Emission 

Factor 
(Ibs PM,,,/acre) 

4.64 
4.64 
4.64 
4.64 
4.64 

Wheat 
Corn (silage) 
Cotton Lint 
Almonds 
Tomatoes (fresh) 
etc ... 
Total 

Acres 

1 1850 
4 5000 
79000 
665 19 
10900 

... 

... 

ACW-P~SS~S 
per Acre 

1 
4 
6 

0.25 
7 

Emissions 

1103 

121 
... I ... I ... 

ADDITIONAL. CODES 

SOURCE CATEGORY GROWTH AND CONTROL CODES 
Various 

SOURCE CATEGORY CODE POLLUTANT SPECIATION PROFILES 
For All: PM = 32 1, VOC = not applicable 

SOURCE CATEGORY CODE REACTIVITY FACTORS 
Not Applicable 
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TABLE 1 
1993 Agricultural Land Preparation PM,, and TSP Emissions 

EIC: 620-614-5400-0000; CES: 47332; Activity: Acre-Passes 

Fraction of PM,, = 0.45 (PM,, Emissions TSP x 0.45) 
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TABLE 2 
Summary of Crop Acre-Passes 

7.4-9 



TABLE 2 (continuedb 
Summary of Crop Acre- asses 

2680991 0 I ALMONDHULLS I NaLandPre~ I 0 
799999 I 0.25 I FRUIT L NUTS. ALL 5 
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TABLE 2 (continuedb 
Summary of Crop Acre- asses  
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TABLE 2 (continuedb 
Summary of Crop Acre- asses 

The computed AcmPass values were used to compute the soil preparation dust 
emissions. Ampasses are based on either: 

1) Updated crop calendars that the ARB developed in cooperation with agricultural 
experts during the summer of 1997, with addition crop assignments to similar crops 
by ARB staff. The full crop calendars are provided in reference 5, the soil preparation 
background document. 

2) Acre-pass data compiled by Sierra Reseamh in reference 6. 
3) Acre-pass data compiled by KVB and included in the MRI report listed in reference 2. 

This is the ARBS historical default data. 
The acre-passes listed incorporate the percentage of harvested acreage that is tilled for 
each crop each year. No further adjustment is necessary. See (3) below for more 
information. 

This column describes the source of the acre-pass data used for each crop. Most 
assignments are based on item 1 above. Those notated as Sierra or KVB are based on 
items 2, or 3, respectively, listed above. 

For each crop listed, this column indicates the percentage of land on which soil preparation 
is performed each year. For example, alfalfa is typically planted only once every bur years, 
so 25% is listed in the column. This means that on average, only 25% of the total acreage 
is undergoing land preparation operations each year. During land preparation for alfalfa 
planting, 5 operations are generally performed, so 1.25 acre-passes (Le., 25% x 5) are 
performed annually for each harvested acre of alfalfa. 
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TABLE 3 
Seasonal Profile for Soil Preparation Emissions. 

* The seasonal emissions profiles shown include the effects of the ARB'S soil moisture correction factor for the months of 
December, January, and February, and March. For profiles that show only the soil preparation activities, without the emissions 
adjustment, contact the ARB. 
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